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MODEL OF TLIE X-1 AIRPLANE AT HIGH SUBSONIC MACH NUMBERS 

By Richard E. Kuhn and James W. Wiggine 

SUMMARY 

lateral s t ab i l i t y   cha rac t e rb t i c s  of a & - scale model of the X-1 tran- 
sonic  research a-rrplane in  the Mach nmber  range f r o m  0.40 t o  0.88. The 
lateral s t a b i l i t y  pa;remeters agree w e l l  w i t h  previously obtained low- 
speed  data and exhibit the expected slight increase in ma-itude with 

n Mach number.  The horizontal   s tabi l izer  had  very l i t t l e   e f f e c t  on the 
l a t e r a l   s t a b i l i t y  parameters  within  the  range of these tests. 

INTRODUCTION 

Results  of flight tests of the X-1 transonic  research airplane 
(reference 1) have shown unsatisfactory damping of  la te ra l   osc i l la t ions ,  
par t icular ly  when the  amplitude  of  these  oscillations waa of the order 
of one degree. Some analyses  of  the dynamic l a t e r a l  behavior of the 
airplane have been made (reference 2, fo r  example); however, for   the 
most part, these  analyses have  been based on aerodynamic information 
from low-speed  wind-tunnel tests (reference 3 ) .  Consequently, in  order 
t o  provide -some experimental  information a t  high  subsonic Mach numbers, 
an investigation of the high-speed lateral s tab i l i ty   charac te r i s t ics  
of a 1- scale model of  the X-1 airplane waa conducted in the Langley 
high-speed 7- by  10-foot tunnel. 

10 

Inasmuch as the flaw in  the  region  of  the  vertical t a i l  was thought 
t o  be par t iculasly  cr i t ical ,   the   invest igat ion w a s  undertaken  with 
special  consideration  being  given  to-minimizing  the  effects  of  the 
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support  system on the flow in the  region of the t a i l .  The effect  of the 
horizontal   s tabi l izer  on the  effectiveness  of the v e r t i c a l   t a i l  was also 
investigated. 

SYMBOLS AMI COEFFICIFIIqTS 

The s t a b i l i t y  system of axes  used for  the  presentation of the data, 
together  with an indication  of the positive  forces, moments, asd angle6, 
is  presented  in  figure 1. All moments presented  here  are referred t o  
the center of gravity of the  airplane. 

CL l i f t  coefficient  (Lift/qS) 

C2 rolling-moment coefficient (RolLing mament/qSb) 

CIl yawing-moment coefficient (Yawing mument/qSb) 

CY lateral-  force  coefficient  (Lateral  force/qS) 

9 -ic pressure, porn& per square foot (pv2/$ 

P mass density of air, slugs per  cubic,  foot 

a 

free-stream  velocity,  feet  per second 

wing area, s q w e   f e e t  

wing s p a ,  f ee t  

wing chord 

m e a s  aerodynamic  chord, feet- 

angle  of yaw, degrees 

angle  of  attack  of  airplane  reference exis, degrees 

incidence  of the horizontal  stabilizer,  degrees 

Mach number (V/a) 

velocity of sound, feet per second 

a 

I 
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Reynolds number (pVc/p) 
wing chord, feet 

absolute  viscosity of a i r ,  slugs per  foot-second 

Subscripts 

vt ver t ica l  t a l l  

f fuselage 

c M Mach nmber 

W - 
APPARATUS AND METHODS 

The wing and horizontal and vertical tai le were constructed of  an 
al-m alloy, whereas the fuselage w a ~  of a composite comtruction 
consisting of a steel core w i t h  a bismuth tin covering t o  give the 
external  contour. The dorsal a d  ventral  fins were constructed of 
mahogany. 
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(fig. 4). The  yoke stings extended  rearward from the wing t i p s   t o  a 
streamlined  vertical  strut  located i n  the  tunnel  diffueer aft  of the 
test section. Angles of yaw were obtained  through  the use of  various 
couplings  located i n  the two stings a t  the elbows of  the yoke (fig.  4), 
and angles of attack were obtained  by  the use of  various wing blocks. 

Inasmuch as an internal  electrical  strain-gage  balance was used fo r  
the tests, the wings of the model served  as  a part o f  the support  system. 
The aft end of  the  balance was sttached to   the  inner   s teel   ehel l ,  which, 
in turn, was supported  by the wing and yoke s t ing  ( f ig .  3). The f'uselage 
W&E attached  to  the unsupported  forward end of  the  balance;  thus a l l  
forces and moments measured on the balance are attributable  only  to  the 
fuselage and t a i l  in the  presence  of  the wing. 

In   order   to  minimize leakage at the wing-fuselage  juncture, a sponge 
sea l  was used as shown in figures 4 and 5. The sea l  was attached  to 
the square cut base  section of the wing and was f r ee   t o  s l i d e  on the 
internal  surface of the  fuselage. A s ta t ic   ca l ibra t ion  of  the  balance 
with  and  without  the sponge seal indicated that th is   eea l  had no 
measurable effect  on the data. 

The electrlcal   leads f r o m  the  strain-gage  balance  extended  through 
t h e   a f t  end of  the  fuselage into a small s t e e l  tube  extending  forward 
from the   ver t ica l   s t ru t   ( f ig .  4). 

TESTS 

The model was tested in the Langley  high-speed 7- by 10-foot  tunnel 
through a Mach nunber  range from 0.40 t o  0.88 at angles  of yaw of 00, 
&lo, f2O, f3', and *bo and a t  angles  of  attack of Oo and 4'. The vari- 
ation of test  Reynolds nmber w i t h  Mach number is presented i n  figure 6. 

CORRECTIONS 

"he type of support  used minimizes  any tare   effects  that are  apt t o  
be experienced  by  the  fuselage and tai l ,  and therefore no tare  correc- 
tions have been applied  to  these  data. The angles  of  attack and yaw 
have, however, been corrected  for  the  deflection  of  the  stings an6 
strain-gage  balance  under  load. The corrections due to   t he  jet-boundary 
induced upwash were computed and  found t o  be negligible and therefore 
have not been  applied. Dynamic pressure and Mach  number have  been 
corrected  for  blocking by the model and its wake by the method of  refer- 
ence 4. 
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RESULTS BM3 DISCUSSION 

The results of  the  investigation are pesented  in  the  following 
figures. The lift coefficients  indicated on the  figures were estimated 
from reference 5. 

Fuaelage and t a i l  data ( i n  presence of wing): 
a = OO 

Horizontal   stabil izer Fncidence Q = 2.5' . . . . . . . . . .  7 
Horizontal  stabilizer  incidence = 0.70 . . . . . . . . . .  8 

Fuselage  alone ( i n  presence of wag)  . . . . . . . . . . . . .  10 

Horizontal  stabilizer  incidence \ = 2.5O . . . . . . . . .  11 
Horizontal  stabilizer  incidence = 0.70 . . . . . . . . . .  12 

Fuselage  alone (in presence of wing) . . . . . . . . . . . . .  14 

Horizontal tail off . . . . . . . . . . . . . . . . . . . . .  9 

a = 4' 

Horizontal t a i l  o.ff . . . . . . . . . . . . . . . . . . . . .  13  

Late ra l   s t ab i l i t y  parameters : 
c r = o o  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
a = 4 O  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 
Comparison with estimated characterist ics . . . . . . . . . . .  17 

The l a t e r a l   s t a b i l i t y  parameters  determined fn this investigation 
(figs.  15 and 16) exhibit the  expected slight increase i n  magnitude  with 
Mach  number in the   t e s t  range and can be extrapolated t o  the low-speed 
values from reference 3. It should be emph&sized that  these  data  are 
f o r  the  fuselage and t a i l  in - the  presence of the w i n g ,  whereas the  values 
*om reference 3 are   for  the complete model. While it might  be  expected 
that this  difference of configuration would cause some discrepancy, an 
e x a m a t i o n  of the low-speed data  (fig. 9 o f  reference 3) indicates that 
at angles of at tack and yaw up t o  k0 there is very l i t t l e   e f f e c t  of the 
ving on t h e   l a t e r a l   s t a b i l i t y  parameters;  therefore, up t o  the force 
break at least,  the  fuselage-tail  data  represent  the  only  important 
contribution  to  the lateral s tab i l i ty .  

It is of interest  t o  compare the meamred contribution  of  the empen- 
nage t o  the  directional and l a t e r a l   s t a b i l i t y  throughout  the Mach number 
range  with  the  estimated  contribution  that would be calculated from the 
low-speed data  (reference 3). For these  calculations  the  wing-fuselage 
contribution wa8 assumed t o  be unaffected by compressibility and only 
the t a i l  contribution was corrected f o r  Mach  number effects.  These 
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calculations have  been made by calculating  the  lift-curve  slope of the 
v e r t i c a l   t a i l  by wing   the  following re lat ion 

(where Cy( is the  side-force  contribution  of the ver t ica l  tail 

*+ 0 
obtained from reference 3)  and then  determining  the  effective  aspect-rat: 
&om the  charts  of  reference 6 .  The variation  of C 

Ipayt through the 
Mach  number raage for  this  effective  aspect-ratio was determined  by 
application of the  Prandtl-Glauert  transformation as suggested in refer- 
ence 6. The side-force  contribution of t h e   v e r t i c a l   t a i l  through  the 
Mach  number range was then  obtained from the  expression 

The  yawing-moment ( ) and  rolling-moment Cn\Clvt parameters were Y 

calculated by assuming that the effective  center of pressure of the 
ver t ica l  t a i l  w a s  unaffected  by  compressibility. 

I 
The excellent agreement between the measured values of this  report  

and the calculated  values (fig. 17) indicate the r e l i a b i l i t y  of t h i s  
calculation  procedure  for  this  airplane. 

A study of figures 15 and 16 indicates very l i t t l e  effect  of the . 
horizont&l t a i l  on *e l a t e r a l   s t a b i l i t y  parameters  except a t  the highest 
Mach numbers. This resu l t  is a l so  i n  qualitative agreement with  the 
a t a  of reference 7 which indicate  only a small change i n  effective 
aspec t . ra t io  of the   ver t ical  tail due to  the  presence of the  horizontal 
t a i l   a t  this particular  location on the   ver t ica l   t a i l .  

The stabil lzer  angles used  represent  the extremes  of t a i l  loa& 
necessary t o  balance the wing-flrselttge pitching moment experienced in 
the range of these tests. The reason  for the slight reduction in effect ive 
dihedral a t   the   highest  Mach numbers  due to  the  addition of the 

horizontal t a i l  (fig. 15) i8 not  completely  understood; however, it may 
(%) 
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be due to a negative dihedral contribution of the   hor izonta l   t a i l  
resulting from an asymmetrical load dlatribution a t  these Mach numbers. 

The data a t  the  higher Mach numbers (above M = 0.83) indicate aome 
nonlinear results par t icular ly  in the yawing-rnment  and  rolling-moment 
coefficients (figs. 7 to 13). The reaeone f o r  these nonlinear tendencies 
are  not  understood although there are several  possfble  contributing 
factors. An examination of the data of reference 5 indicates a possible 
breakdown of  the flow on the wing at  a Mach  number of about 0.83 which 
may affect   the  flow on the t a i l .  It should also be pointed out  that  
above a Mach  number of 0.83 the entire  support system was observed t o  
s h e  rather  violently. An investigation  eetablished the fac t  that the 
tunnel was not choked;  however, it is believed that a strong  shock 
existed at  the intersection of  the v e r t i c a l   s t r u t  and the arms of the 
yoke and th i s  shock may have been intense enough t o  disturb the. flow in 
the  region of  the tau. Because of these  uncertainties  the &.%a at 
these Mach numbers have not been analyzed,  even  though  they  are 
presented. However, it is apparent from the data tha% no reduction in  
Btabi l i ty  is exhibited. Tuft stuclies of the flow on the ver t ica l  t a i l  
and on the rear  portion of the  fuselage showed no indication of flow 
separation  throughout  the Mach  number range. 

- 
Based on the high-speed  wind-tunnel t e s t s  of t h e   s t a t i c   l a t e r a l  

s tab i l i ty   charac te r i s t ics  of a --scale 1 model of the X-1  transonic 10 
research  airplane  in  the Mach number range f r o m  0.40 to 0.88, the 
following conclusions have been drawn: 

1. The measured contribution of the tail t o  the directional and 
l a t e r a l   s t a b i l i t y  agreed  well w i t h  that  calculated from low-speed data 
throughout the Mach  number range  investigated. 

2. The horizontal   s tabi l izer  had very little effect on the l a t e r a l  
s t a b i l i t y  parameters  within the range of these t e s t a .  

Langley  Aeronautical  Laboratory 
National Advisory Committee f o r  Aeronautics 

Langley Field, Va. 
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Figure 1.- System of axes. P o s i t i v e  values of forces, mODEntS,  and 
angles are indicated by arrows. 
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Figure 6. -  Variation of t e a t  Reynolds number with Mach number. 
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Figure 10.- Aerodynamic characteristic6 in yaw of the 1 -scale modt?l of.the X-1 a i r p h e .  

Horizontal and vertical tall off. a = 0’; CL IC. 0.25. 
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Figure 13.- Aerodynamic charecterietics i n  yaw o f  the m-wale mael of the X - 1  airplane. 

Horizontal t a i l  off .  u = 4'; CL 2 0.60. 
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Figure 15. - .Effect of Mach number on the lateral stabi l i ty  parameters of 
the - - scale model of the X-.l airplane. a = 0'. 1 
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Figure 16.- Effect of Mach number on the   l a te ra l  stabil i ty parameters' of 
the 10 - scale model of the X-1 airplane. a = 4'. 
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